INTRODUCTION
Cavovarus foot is a common form of foot deformity in children which is clinically characterized by an abnormal increase of the longitudinal arch of the foot, and it can be simultaneously complicated with forefoot pronation and varus, rearfoot varus, Achilles tendon contracture, or cock-up toe deformity. Muscle force imbalance is the primary cause of such deformity [1] . Traditionally, it is believed that cavovarus foot deformity is caused by anterior tibial muscle dysfunction [2, 3] , whereas telipes cavus caused by Charcot-Marie-Tooth (CMT) disease [4] is believed to be caused by plantar intrinsic muscle paralysis [5] . Currently, diverse treatments are available for telipes cavus, but there is no standard treatment. Improper treatment will lead to residual deformity or recurrence. Therefore, personalized surgical treatment strategies should be formulated based on preoperative assessment of the deformity and muscle force of the affected foot [6] . At present, the research of cavovarus foot deformity is focused on how to fully correct the deformity, reduce its recurrence, and avoid postoperative foot stiffness. Taking these factors into full consideration, this study retrospectively analyzed the clinical data of 21 older children with cavovarus foot deformity (28 feet) who underwent surgical treatment at our hospital from November 2014 to July 2017, which is reported as follows.
MATERIALS AND METHODS

Patient data
The clinical data of 21 older children with cavovarus foot deformity (28 feet) who were treated surgically at the Ninth Department of Orthopedics of Jizhong Energy Xingtai Mining Group General Hospital from November 2014 to July 2017 were retrospectively analyzed. There were 11 boys and 10 girls. They ranged in age from 10 to 14 years old, with an average age of 12.46 ± 1.20 years. Bilateral involvement was observed in 7 cases and unilateral involvement in 14 cases (6 on the left and 8 on the right). There were 13 feet in 12 patients with idiopathic disease, 6 feet in 3 patients with CMT disease, 6 feet in 3 patients with lumbar meningiocele, and 3 feet in 3 patients with cerebral palsy. All the children had no obvious history of trauma, with the deformity appearing gradually. The main reasons for seeking medical care were gait abnormality, altered foot appearance, and lateral plantar callus formation accompanied by pain. Main clinical manifestations were cavus with cock-up toe deformity, bony protrusion on the dorsal side of the midfoot, forefoot pronation and varus, rearfoot varus, lateral plantar cuticle thickening or callus formation, and contracture of the Achilles tendon or gastrocnemius muscle.
Deformity assessment
The Coleman block test was used to evaluate the presence of fixed deformity in the rearfoot or not [7, 8] .
Muscle force examination:
The ankle joint of the affected foot was mostly located in the plantarflexion position, and it was difficult to reach the neutral position with active dorsal extension. The ankle joint was slightly improved with passive dorsal extension when the knee was in the knee extension position, and a more significant improvement in the knee flexion position indicated the contracture of the gastrocneum, for which medial gastrocnemius lengthening was performed, while the absence of an obvious improvement suggested the presence of Achilles tendon contracture, for which the Achilles tendon would be lengthened. The muscle forces for dorsal extension, plantar flexion, adduction, and eversion were classified as grades IV, V, V, and III-IV, respectively. Electromyographic examination findings supported the physical examination results. Restoring muscle balance is the key to treating the deformity and preventing recurrence.
Imaging evaluation: Preoperative weight-bearing anteroposterior and lateral X-rays of the feet (including the lower 1/3 of the tibia and fibula) were performed. The Meary's angles for the 18 feet in this group of patients (the talar-first metatarsal angle measured on the lateral X-ray; normal value, 0°) were all greater than 15°, with an average angle of 24.11°; the Hibbs' angles (the calcaneus-first metatarsal angle; normal range, 150°-175°) were all less than 150°, with an average value of 135.86°. Lateral and Coleman block view X-rays of the feet were performed to evaluate the apex of cavus deformity.
Magnetic resonance imaging (MRI) examination:
All patients underwent MRI examination of the lumbar spine to determine whether tethered vertebral bodies or spinal cord lesions were present or not.
Surgical procedures
The patient was put in the supine position, with the hip of the affected side raised with a pad. After a tourniquet was applied, a medial incision was made at the end of the metatarsal fascia of the heel. The metatarsal fascia was tightened under the dorsal extension of the foot, and tissue scissors were used to cut off its attachment to the heel bone, resulting in the disappearance of plantar cord sign. According to preoperative physical examination results, if the foot cannot reach the neutral position with passive dorsal extension in both the knee extension and flexion positions, which suggests contracture of the Achilles tendon, the "Z"-lengthening of the Achilles tendon was performed; if the foot can reach the neutral position with passive dorsal extension in the knee flexion position, which suggests contracture of the gastrocneum, medial gastrocnemius lengthening was performed. A medial longitudinal incision was made at the tubercle of the scaphoid bone to reveal the posterior tibial tendon. Then, the posterior tibial tendon was cut off at the tubercle of the scaphoid bone, transferred via the interosseous membrane to the dorsalis pedis, and reconstructed at the lateral or medial cuneiform (chosen according to the preoperative assessment of forefoot varus deformity and eversion force; in case of mild varus deformity and fair eversion force, the posterior tibial tendon was reconstructed at the medial cuneiform, otherwise it was reconstructed at the lateral cuneiform). If lateral X-ray showed that the apex of the deformity was located at the first metatarsophalangeal joint, a "V"-shaped osteotomy was performed on the dorsal side of the base of the metatarsal, with the first metatarsal elevated and fixed with Kirschner wires. If the apex of the deformity was located at the tarsometatarsal joint, a longitudinal incision was first made at the cuboid bone to fully expose the cuboid bone and the short and long peroneal tendons. A closing "V"-shaped osteotomy was performed on the lateral side of the base to take out a sphenoid bone piece for further use. Then, an osteotomy parallel to the tarsometatarsal joint was performed at the medial cuneiform bone. Following "V"shaped dilation, forefoot adduction was corrected, the sphenoid bone piece was implanted, and temporary fixation with Kirschner wires was performed. Then, peroneus longus-to-brevis transfer was performed. After conventional flushing of the incision with iodophor solution, a horizontal mattress suture of the skin was performed. At the sites with high tension, a sharp surgical blade was used to puncture the skin in parallel to the incision to reduce the tension. Long leg plaster casts were applied in the stretch knee position. All cases of cock-up toe deformity were not managed in the same stage. The patient was given passive exercise after surgery.
The plaster casts were removed 6 wk later, and X-ray was performed to observe the healing situation at the osteotomy site. The Kirschner wires were removed and functional exercise was initiated. The patient began to walk 3 mo after the surgery, with weight added gradually, and was reexamined every 3 mo thereafter.
Efficacy assessment
The evaluations at last follow-up were performed using the Wicart grading system (Table 1) [5] .
Statistical analysis
All statistical analyses were performed using SPSS13.0 software. Meary's angles and Hibbs' angles were measured based on X-ray images obtained preoperatively and at last follow-up, and the values between before and after surgery were compared using Student's t-test, with P values < 0.05 considered statistically significant.
RESULTS
Surgical data
All the 28 feet underwent plantar fascia release and peroneus longus-to-brevis transfer. The posterior posterior tibial tendon was transferred to the lateral cuneiform tendon in 18 feet, and to the medial cuneiform tendon in 10 feet. Twenty-five feet underwent "Z"-lengthening of the Achilles tendon, 3 underwent medial gastrocnemius lengthening, 10 underwent "V"-shaped osteotomy at the first metatarsal base, 18 underwent "V"-shaped osteotomy at both the medial cuneiform bone and cuboid bone, and 18 underwent calcaneal osteotomy. Cock-up and claw toe deformities were not treated.
Postoperative follow-up
The patients were followed for 6 to 32 mo, with an average follow-up period of 17.68 ± 6.290 mo. No complications such as infection, skin necrosis, or bone nonunion occurred. Bone healing at the osteotomy site was achieved at 3 mo in all cases. At last follow-up, mean Meary's angle was 6.36° ± 1.810°, and mean Hibbs' angle was 160.21°± 4.167°, both of which were significantly improved compared with preoperative values (24.11° ± 2.948° and 135.86° ± 5.345°; t = 27.151 and 19.017, P < 0.001 for both; Table 2 ). According to the Wicart criteria, very good results were achieved in 18 feet, good in 7, and fair in 3, with a very good/good rate of 89.3%. Both cock-up and claw toe deformities were improved after passive functional exercise and weigh-bearing walking.
Typical case
A 13-year-old boy had idiopathic bilateral cavovarus foot deformities in both weightbearing and non-weight-bearing positions, cock-up toe deformity in the right foot, elevation of the medial longitudinal arch, forefoot pronation, and calcaneal varus (Figure 1) .
He underwent metatarsal fascia release, Achilles tendon lengthening, "V"-shaped osteotomy on the dorsal side of the first metatarsal base, opening medial cuneiform osteotomy, closing cuboid osteotomy, and transfer of the posterior tibial tendon to the the lateral cuneiform bone. Gross and X-ray examinations performed 6 wk after operation showed that he had a good recovery. Weight-bearing anteroposterior and lateral X-rays of the feet performed 18 mo after surgery also showed good results (Figure 2 ).
DISCUSSION
The shape of the normal foot is a tripod-like structure supported by the head of the first metatarsal, the head of the fifth metatarsal, and the calcaneus. The tripod effect directly leads to the widening of the lateral plantar margin of cavus foot, callus formation, and calcaneal varus [5] . Studies have proved that the main cause of cavovarus foot is the imbalance of medial and lateral muscles of the foot, and most patients have neuromuscular system lesions. Patients with cavovarus foot often have no obvious early symptoms, which is not easy to be found. With the increase in age and the further progression of muscle imbalance, the deformity gradually aggravates.
Conservative treatment is not effective in improving such deformity. After the deformity aggravates, it cannot be fully corrected only by soft tissue release, because it has become a fixed deformity that can only be corrected by osteotomy. Based on the etiology of cavus foot, when children with such disease seek medical care, the medical history should be asked, the relevant nervous system examinations (lumbar MRI and electromyography of lower limbs) should be performed, the deformity should be classified, and the basic diseases should be evaluated to determine whether treatment is needed. Since cavus foot is a compound deformity, the forefoot, midfoot, and rearfoot need to be evaluated separately and corrected one by one to obtain satisfactory therapeutic effects [9, 10] . Adequate soft tissue release and intraoperative muscle balance play an important role in the correction of deformity and prevention of postoperative recurrence. Early-stage cavus foot is mostly a malleable deformity, which can be corrected by massage. With the increase in age and bone mass, the deformity further aggravates and cannot be corrected by manual massage alone. At this stage, the deformity becomes stiff, causing foot discomfort in children, including fatigue and local pain in the forefoot, and even gait instability [11] [12] [13] . The joint capsule, ligament, and tendon all need to be fully released to correct the deformity, and the tendon that leads to varus and cavus deformities needs to be transferred. Since the force of the transferred tendon is reduced, the balance of medial and lateral muscles should be ensured to reduce the incidence of postoperative recurrence.
All the subjects in this study were older children with cavus foot deformity. Considering their well-developed feet and sufficient bone mass as well as the feasibility of bone surgery, joint-sparing osteotomy should be performed to preserve the joint. Soft tissue balance was required to correct the deformity and prevent its recurrence. According to the severity of deformity, the procedure was designed preoperatively as two steps: soft tissue surgery and bone surgery [14] . In soft tissue surgery, medial gastrocnemius lengthening and "Z"-lengthening of the Achilles tendon were first performed according to preoperative evaluations to correct the equinovarus deformity. After the affected foot was dorsiflexed and the head of the first metatarsal was elevated, metatarsal fasciotomy was performed at the calcaneal insertion point. Strengthening the short peroneal tendon with the long peroneal tendon can not only strengthen the force of foot abduction, but also eliminate the factors causing cavus deformity at the first metatarsal. Anterior transfer of the posterior tibial tendon increased the forces of dorsal extension and valgus. In bone surgery, osteotomy was performed in different ways depending on the apex of the deformity. The principle of osteotomy was to preserve the joint as much as possible and perform a joint-sparing osteotomy. For cavus forefoot, a closing V-shaped osteotomy was performed on the dorsal side of the first metatarsal base, and the head of the first metatarsal was raised to correct the cavus deformity at the first metatarsal. When the apex of cavus deformity was located in the medial cuneiform, the osteotomy site was chosen at the medial cuneiform and the cuboid, and the medial cuneiform was opened to correct forefoot adduction and reduce high arch. For forefoot pronation deformity, which often leads to increased weight-bearing at the lateral margin of the foot while walking with load, and callus formation at the fifth metatarsal base, cuboid osteotomy was performed to raise the base of the fifth metatarsal and makes the forefoot abduct. In cases with concomitant fixed calcaneal varus, calcaneal valgus osteotomy was performed to correct the varus [15] . Wu et al [16] used the procedure reported by Japas [17] , in which primary release of plantar soft tissue was combined with tarsal "V"-shaped tarsal osteotomy, to treat seven cases of idiopathic cavus foot deformity in children over 6 years old, achieving a very good/good rate of 83. 3%. Yan et al [18] utilized different treatment methods in 27 children (41 feet) with different types of cavus foot deformity. In cases with first ray cavus foot deformity, wedge osteotomy was performed on the dorsal side of the first metatarsal base; for medial column cavus foot deformity, closing wedge osteotomy on the dorsal side of the first metatarsal base combined with opening wedge osteotomy on the plantar side of the first, second, and third cuneiforms was performed; for cavus forefoot deformity, closing wedge osteotomy on the dorsal side of the cuneonavicular joint was performed. The patients were followed for an average period of 28 mo. According to the Wicart et al [19] criteria, very good therapeutic effects were achieved in 34 feet, and good achieved in 7. This finding suggested that accurate assessment of deformity and selection of proper treatment are the keys to achieving good therapeutic effects. Zhang et al [20] performed personalized treatment of cavus foot deformity, and achieved good therapeutic effects. Qin et al [21] [22] [23] proposed that the general treatment strategy for ankle-foot deformity associated with spina bifida can be summarized as four basic principles: Correction of deformity, balancing of muscle forces, stabilization of joints, and preservation of foot elasticity. They considered that muscle balance can be recovered by soft tissue release in children under 12 years old. For children over 12 years old and adults, orthopedic surgery for bone deformity was performed after sufficient soft tissue release and muscle balancing, and all patients underwent fixation with an external bone fixator postoperatively. Patients with satisfactory intraoperative deformity correction were all fixed with combined external fixation device. For those who did not achieve satisfactory results, the Ilizarov external fixator was applied and slowly adjusted after the operation to gradually correct the deformity. Finally, a good therapeutic effect was achieved. Sanpera et al [24] assessed dorsal hemiepiphyseal arrest of the first metatarsal, which enabled the metatarsal growth of the first metatarsal to be faster than the dorsal growth and reduced the apex of the cavus foot deformity by asymmetrically interfering with bone growth. At the same time, a plantar release of the metatarsal fascia decreased the tension on the metatarsal side of the foot and reduced the "windlass" effect, thus reducing the apex of the deformity. This method is less invasive and allows for early weight-bearing walking postoperatively. However, this method requires the growth potential of the proximal epiphysis of the first metatarsal in children. A total of 15 patients with 26 feet were included in that study. The average age at surgery was 10 years (range, 7-13 years) for boys and 11 years (range, 9-12 years) for girls. Twentyfour feet of the 13 patients were followed, with an average follow-up period of 28 mo. Compared with preoperative values, Meary's angle and talo-calcaneal angle at the final follow-up were significantly improved. Complications including breakage of the plate and proximal screw misplacement occurred in three patients. Mubarak et al [1] addressed cavus deformities in children using stepwise osteotomies. First, a closing wedge osteotomy of the first metatarsal was performed to elevate the first metatarsal and reduce the apex of the high arch. Second, an opening plantar wedge osteotomy of the medial cuneiform and a closing cuboid wedge osteotomy were performed to correct the varus deformity of the forefoot and increased its flexibility. Second and third metatarsal osteotomies were performed if needed. Finally, calcaneal sliding osteotomies were performed to correct hindfoot varus deformity. Plantar fasciotomy and peroneus longus-to-brevis transfer were performed for soft tissue release. A total of 13 children with 20 feet were treated. The changes of Meary's angle and Hibbs' angle showed good results, and no obvious complications occurred.
In conclusion, for older children with cavovarus foot, the deformity should be fully evaluated and a good surgical plan should be designed in order to obtain good therapeutic effects. Bone deformity should be corrected and the joint should be preserved as much as possible to avoid postoperative stiffness. Adequate soft tissue release and muscle balance are the keys to correcting the deformity and avoiding its postoperative recurrence. 
ARTICLE HIGHLIGHTS
Research background
Cavovarus foot is a common form of foot deformity in children. It can be simultaneously complicated with forefoot pronation and varus, rearfoot varus, Achilles tendon contracture, or cock-up toe deformity. Many diseases can lead to muscle force imbalance. At present, many surgical treatments are available for cavovarus foot. For older children, priority should be given to midfoot osteotomy and fusion. It is important to preserve the joints and correct the deformity as much as possible.
Research motivation
Currently, diverse treatments are available for cavovarus foot, but there is no standard treatment. Improper treatment will lead to residual deformity or recurrence. Therefore, personalized surgical treatment strategies should be formulated based on preoperative assessment of the deformity and muscle force of the affected foot.
Research objectives
This study aimed to assess the efficacy of soft tissue release combined with joint-sparing osteotomy in the treatment of cavovarus foot deformity in older children.
Research methods
Clinical data of 21 older children with cavovarus foot deformity were retrospectively analyzed. The patients underwent magnetic resonance imaging of the lumbar spine, electromyographic examination, weight-bearing anteroposterior and lateral X-rays of the feet, and the Coleman block test. Surgical procedures were performed. Therapeutic effects were evaluated. Meary's angles and Hibbs' angles were measured based on X-ray images.
Research results
Very good results were achieved in 18 feet, good in 7, and fair in 3, with a very good/good rate of 89.3%. At last follow-up, mean Meary's angle was 6.36° ± 1.810°, and mean Hibbs' angle was 160.21° ± 4.167°, both of which were significantly improved compared with preoperative values. No complications such as infection, skin necrosis, or bone nonunion occurred.
Research conclusions
Soft tissue release combined with joint-sparing osteotomy has appreciated efficacy in the treatment of cavovarus foot deformity in older children, and it can correct the deformity, reduce postoperative recurrence, and preserve the flexibility of the foot as much as possible.
Research perspectives
Although satisfactory efficacy can be achieved by soft tissue release combined with joint-sparing osteotomy in children with cavovarus foot deformity, long-tern follow-up data are needed to confirm our conclusion. Future search should utilize big data analysis to formulate accurate treatment plan to minimize complications while guaranteeing the best therapeutic effect.
